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Linear Gradient Irrigation System 


Established in 1986 
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(Mist mangdemant solutions ere available far localized "hot spots" identified bu 
the ST-27*  Irrisatins ge hot srot via sdüiustod sprinkler Рат реге may 

result in waterlousins adiiscent агаве which in turn would make the 

adiascent areas warmer, Haw detrimnentel is this? Must a ¢reen be 

rebuilt in order to effectively eliminates some not-seots? 


, What effect does mowing freguence nave an the index? 


‚ NOH Goes surirdins interact with ће index? Сар the index be used 
after s seringins for en useful rursose? 


«van БЕТІНЕ Тет need distribution Рабђекиа pe effectively djudsed 
With the index?" How? 






ш do index readings compare with Llensicmneter/soil moisture reedinge? vt У | 


© HOw Јове selinitwu in the soil and water affect the index 7 Ë || Ç 4 


(d jp! ん NY 
What is the rvelabionshis between mornings dew كنم فنا امم‎ and ANG » | ۸ 9 
afternoon turf temrerature Patterns? Morning dew restiterne rerresent 
ë Comrkeotitins techmolady to find bhe drs srots on s dren, 






, is the effect of scil oxesen derleiion on the index? Haw long 
Lnis effeck lest? How lunes does il take for this effect to rroduce 
chensez in visuel euslitws Clow index mumberss wilh roor visual characteristic). 


к а 5: 
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ANALYSIS. ПЕ Lovato INDEX ERRORS TRENDS IN PREDICTING AN INTEX OF 2 
ERROR IN TAs 55 C (1 F) > ERROR IN RH= 5% 
| EROR IN TC-TÀ IS 0,5 ae 1€ 
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| . 
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| 00 00000 
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Е |: 0 0 0 | 
1 | | 0 1 1 
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ANALYSIS OF WHEAT #1 INDEX ERRORS TREHTS IN FRENICTING AN INDEX OF 2 
ERROR IN TA: ,5 C (1 F) » ERROR IN RH= SX 
| ERROR IM TC-TA JTS 0.95 OR 1 ع‎ M 
REFERENCE FOR А SCHEDULER WHICH IS EQUILTBRATED PROFERLY 
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| 
3 + 
I 
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E 
| 
| 
| | 
| | 
| 
| 11.111 1 1 
En 1 
| 000000 00 
| 11 1 1 1 1 
| 1 1 11 
2 + 1 1 1 
| 1 1 
I I| 1 1 
N | 11 
Dog 1 1 
E | 111 1 1 
X | 00 000 0 0 11 1 
| 0 1111 i 
E 4 | - 0 1 1 1 
R | 00 0 0 0 11 1 
Rog 0 0 1 11 1 "I ы 
0 |! | 000 0 1 1 MAL 
R 4 icis 0 оо 0 | 1 11 0 
| | .0 00 0 1 1 1 
1 + 0 0 0 о 1 
| 000 0 о O 1 deles も 
| 0000 о о 1:111 | 
| 000 оо ; 1 41 
| 0 00 0 0 1 
| 0 00 0 
E 000 0 0 
| ' 0 00 0 000 EN 
| 0 00 
| ГЕ 0 
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1 
| ` 
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0 4 
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ANALYSTS DF COTTON INUEX ERRORS TRENDS IN PREDICTING AN INDEX QF 2 | | 1 
ERROR IM TAs 5,5 C (1 F) s ERROR IN RH= 5% | | 
ERROR IN TC-TA TS 0,5 OR 1 C 
REFERENCE FOR A SCHEUULER WHICH IS EQUILIBRATED PROPERLY 


PLOT OF ТЕКЕЖЧРП SYNROL IS VALUE OF INTE 
| 
3 + | 
| | 
i 11 1 ps 
| 11 1 | 
| 1 
! 0 
[ 1 1 
i 111 1 | 
| 0 0 
| 
| 1 1 1 
B 11 1 
| 0 0 1 
| 0 0 | 
2 + 0 1 1 
| 0 11 1 
I | 0 
N | 0 1 
n | 0 111 1 
E | 0 0 1 
X |] 000. 0 1 
| 0 1 1 1 ١ 
E 1 000 
R 1 0 0 1 1 
R I © 0 O 11 ; p 
0 | | 00 | а x 
R I C | 0 0 1 111 í 
1 0 00 o Мања Ын | 
1 + 0 0 : cd 1 11 
| 0 00 20 i — i 
| 000 | 1 1 
| 0 o 
| 0 оо 
| 0 000 
| | 0 00 | 
i | 0 0 
| | 
| 
| 
| 
| 
| 
о + 
| 4 
ーーーー キ ーーーーーーーーーーーーーー +-------------- +-------------- +-------------- +-------------- +-------------- +-------- コーーーーー キーーーーーーーーーーーーーー キーーー 
0 1 2 3 4 5 ó 7 8 
€; VAPOR PRESSURE DEFICIT (KPA) 
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ANALYSTS OF COTTON INDEX ERRORS TRENDS IN PREDICTING AN TNIEX QF 2 
ERROR IN Tàs 15 € (1 F) » ERROR IN RH= 5% 
ERROR IN TC-TA TS 0.5 OR 1 C 
REFERENCE FOR А SCHEDULER WHICH IS EQUILIBRATED PROPERLY 


PLOT OF TERR*UFT SYMBOL IS VALUE OF ТТЕ 





| 
3 + 
| 11 1 
| 111 
| 
| 0 
| 1 1 
| 111 1 | 
I: 0 0 
| 
| 1 1 1 
i 11.14 
‘| 0 0 1 
| 0 0 
2 + 0 1 1 
| 0 11 1 
1 | 0 
N | 0 1 
n | 0 1 11 1 
E i 0 0 1 
X | 000. 0 1 
| 0 1 1 1 
E | 000 
R | 0 0 1 1 — 
R I о 0 0 11 x Т 
0 | 00 f P 
R ! ' 0 0 1411 
1 + 0 0 p 1 11 
i 000 о * 
| 000 \ У 1 1 
! 0 0 "i 
| © 00 и 
| о ооо | 
| о 00 ET 
i i | 0 9 
| s 
! 
| 
| 
| 
| ~ | 
0 + N 
| | 
ーーーー キ ーーーーーーーーーーーーーー キーーーーーーーーーーーーー… キ …ーーーーーーーーーーーーー キーーーーーーーーーーーー ニ ーー キーーーーーーーーーーーーーー キーーーーーーーーーーーーーー キーーーー ーーーー 
0 1 2 3 4 5 6 
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NOTE? . 11 ORS HAD NISSING VALUES OR WERE OUT OF RANGE 23 085 HIDDEN 
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ANALYSIS OF TURF IMDEX ERRORS TRENDS IM PREUICTING AN INDEX OF 2 
ERROR IN TA= ef C (1 F) + ERROR IN RHe 5% | | 
ERROR IN TC-TA IS 0,306 1 С SR 8I 
REFERENCE FOR АН ST-27 WHICH IS ERQUILIRBRATET PROPERLY 


FLOT OF TZRRXUPU SYMBOL IS VALUE OF OTE 


111111 11 





mommm < ロロ テロ 
ha 
ーーーーーーーーーーー ナ ーーーーーーーー ニ ーーーーーー エ ー 


11 111 1 1 
| 1 | 
000000100 1 1 
| $4.4 3134 1 
1 11 
1 1 il 
1 1 1 
111 1 1 
1111 1 1 
100 00000 O 1 11 1 1 
0 1 11 í 1 | 
0000 0 0 111 1 
000 0 ー . 1 1 1 | | 
о оо 00 о 1 dit ' | 
0 0 00 о 0 1 111 
000000000 O | | 21 11 
о 000 ооо о | ーー 1 1 
000 000 о O 
ооо обо 000 2 
| 0 000 0 
0 00 0 0 
ーーーー キ ーーーーーーーーーーーーーー キーーーーーーーーー ニ ーーー… サーーーーーーーーーーーーーー ф-------------- +-------------- +-------------- キーーーーーーーーー 
1 2 3 4 5 é 


VAFOR PRESSURE DEFICIT (KFA) 
174 OBS HIDDEN | 





ANALYSIS OF TURF INDEX ERRORS TRENDS IM PREUICTING AN INDEX OF 2 


by 


ERROR IN Та= .5 C (1 F) ù ERROR IN RHs 59 
ERROR IN TC-TA IS S OR 1 С 
REFERENCE FOR AN 8T-27 WHICH IS EQUILIBRATEI PROPERLY 
FLOT OF IERRXUPTD SYMBOL IS UALUE OF DTE 
| | | 
3 + | ーー — 
| 1. 
| | — — — 
| | 
| . 
i 
| 
| 
| 
i 
| 111111 11 
| 
| 
| 
2 + 
ーー 
1 | | 
N | 11 111 1 1 
n | u 1 
E | 000000100 1 1 
X B | 1 1 11 1 1 
| 1 1 1 
E | * Eod 
R | iL A у] 3 
7 1 Pri de 4 Г 
0 | | | 1111 1 1 а 
R | ' 00 00000 0 1 11 1 1 ` 
| 0 ~ * 1 113 d 
1 + 0000 O 0 111 1 
| 000 6 | 111 | 
| 0 00 00 0 | ята きき у 
E 0 0 0 0 о 0 1 111 
l 0000000 0 0 O | 1 11 
4 0 0 00 00 0 0 F | 1 1 X 
| ооо 0 00 0 о | | 1 
| 000 б 000 | | 
| | о 000 0 
| 0 оо 0 0 
E 0 
| 
| 
| | | 
о + | 
| d | 7 
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EXPERIMENT, GEORGIA 30212 


404/228-7272 と D s EO 
DEPARTMENT OF AGRONOMY February 25, 1987 | ; 


теу” 


Dr. Bronson Gardner 

Standard 011 Engineered Materials 
6180 Cochran Road 

Solon, OH 44139 


Dear Dr. Gardner: 


Enclosed is the final report concerning the "Infrared 
Thermometry Based Irrigation Scheduling of Turfgrass" project. The 
well-watered (lower) baselines for CWSI on the three warm-season 
grasses should be good approximations. Since these research plots 
are part of another continuing study, I will be collecting 
additional data in 1987. The 1987 data will concentrate on: 


(a) gathering more AT data under well irrigated conditions 
under different solar radiation levels. 


(b) as long as the time-domain reflectrometer works, we will 
gather AT versus VPD data at different soil moisture 
levels. 

(c) on selected days, obtaining data under no transpiration 
(upper baseline) via reading on these grasses after root 
pruning. | 


We appreciate the financial support of Standard Oil. If we can 
be of assistance in the future, let me know. 


Sincerely, 


ru. 
IIA 


R. N. Carrow 
Associate Professor 


RNC:n 


encl. 


AN EQUAL OPPORTUNITY / AFFIRMATIVE ACTION EMPLOYER 
A Unit of the University System of Georgia 


INFRARED THERMOMETRY BASED IRRIGATION SCHEDULING OF TURFGRASS: 
FINAL REPORT 


Robert N. Carrow 
OBJECTIVES 
The three objectives of these investigations were: 


1. To evaluate several canopy temperature based indices for their 


use in irrigation scheduling of warm-season grasses (Project I). 


2. To develop baseline data for the indices that exhibit potential 

for irrigation scheduling (Project I). 

3. To determine the influence of soil compaction on canopy 

temperature based irrigation scheduling (Project II). 

RESULTS 
Project I (Drought Study) 

Data acquisition for these investigations was from June 11, 1986 
through November 19, 1986. م0‎ October 6, а11 data through October 3 
related to Projects I and II were submitted to Dr. Bronson Gardner. 
The remaining data (October 4 - Nov. 19) are attached to this 
project in Appendix A, B, and C. 

It was our desire to obtain canopy temperature data on the three 
grass species in Project I under well-irrigated, slight stress, and 
moderate stress. This would allow development of the well-watered 
baselines ‘for the Crop Water Stress Index (CWSI) indice. Also, we 
hoped to generate specific CWSI values related to a particular level 
of moisture stress as determined by soil moisture levels. 
Unfortunately, the time domain reflectrometry unit used to monitor 
soil moisture and to schedule irrigation events did not function 
properly - all units in the country are now being repaired and 
upgraded to prevent a reoccurrence of this problem. This hindered 


achievement of objective 2. 














2; 

Canopy temperature data obtained on the first 1 to 3 days after 
rainfall or irrigation events can be used to generate the well- 
watered CWSI baseline for each grass (Project I). However, solar 
radiation also influences the CWSI by reducing canopy temperatures; 
thereby, causing lower ^T values. Appendix D contains the data to 
calculate the well-watered baseline on days when solar radiation was 
at least 640 W/m2. These days were selected by reviewing 
rainfall/irrigation periods and eliminating the days when AT values 
were very low. Thus, these data represent "incipient" stress 
conditions. When the grass plants were not under "incipient" 
stress, such as within 24 hours of a moderate rain, AT values were 
often low, regardless of light intensity. Figures 1, 2, and 3 
contain the well-water baselines for bermudagrass, zoysiagrass, and 
centipedegrass. When I calculated these, the average AT for all 
three replications was used. 

Appendix E contains data for well-watered conditions but on days 
with low solar radiation. Individual baselines are in Figures 1, 2, 
and 3. Three observations are noted: (а) The baseline for the low 
solar radiation situations is always less than the high radiation 
condition. (b) The greatest magnitude of error is at low VPD. 
Since only AT values above the well-watered, high solar radiation 
baseline represent stress on the plant, all readings below this line 
could be ignored. If the turfgrass comes under a moisture stress 
during a prolonged low solar radiation period, the low soil moisture 
should cause high AT even if solar radiation is low. For example, 
on 11-3-87, AT values were high but solar radiation was moderately 


low. (c) Since both VPD and solar radiation influence the 














magnitude of AT, a response surface (response = AT) could be 
developed with different levels of VPD and solar radiation. An 
alternative would be a family of linear curves relating AT versus 
VPD but at several solar radiation levels (such as high, medium, 
low). 

Additional data will be beneficial in refining the AT versus VPD 
relationship, especially to achieve a better correlation 
coefficient. ОР particular interest would be AT values outside the 
VPD range of 1.0 to 3.0. | 

The baselines for the three warm-season grasses are reasonably 
similar but they do differ from the Kentucky bluegrass (cool-season 
grass) baseline (Figure 1, dashed line) found by Throssell et al 
(article attached, Appendix ). This indicates that a potential 
exists for a common baseline to be used for these three warm-season 
grasses. 

Project II (Compaction Study) 

Since recreational sites are subjected to soil compaction, which 
can influence plant water relationships, we were interested in 
whether the lower CWSI baseline would be different under 
noncompacted versus compacted conditions. The data are in Appendix 
F and Figure 4. 

Baselines were developed for non-compacted and compacted sites 
at high solar radiation (600 - 1000 W/m2) and low solar radiation. 
There was no significant difference between the non-compacted and 
compacted situations at either light intensity. Comparison of the 
baselines in Figures 4 and 1 are of interest because both were on 


Tifway bermudagrass. The respective baselines are very similar. 
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